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Abstract 
This paper proposes methods to support PSS conceptual design. Especially, methods for supporting PSS ideas generation and 
evaluation are proposed. In the phase of PSS ideas generation, designers’ acquisition of new design solutions is enhanced by case-
based knowledge offering. The generated ideas, subsequently, are evaluated from the viewpoints of both customer satisfaction and 
resource constraints. In this phase, the PSS ideas are prioritized for the purpose of maximizing customer satisfaction under the 
constraints of resources. The effectiveness of the proposed methods is demonstrated by applying it to an example case. 
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1. Introduction 
Services are becoming increasingly important in the 
manufacturing industry, since a longer life or more 
added value of a product can be achieved by offering 
services combined with a product. As a result, concepts 
such as Product-Service System (PSS) have been 
attracting much attention [1, 2].  
This paper proposes methods to support PSS 
conceptual design. Especially, methods for supporting 
(1) PSS ideas generation and (2) evaluation of the 
generated ideas are proposed. The proposed method is 
on the basis of the research on Japanese Service 
Engineering, which provides design methodology of the 
integrated provision of products and services [3, 4]. 
In the phase of PSS ideas generation, designers’ 
acquisition of new ideas to improve current PSS is 
enhanced by case-based knowledge offering. Here, case-
based knowledge means PSS design knowledge obtained 
from multiple PSS cases. The generated ideas, 
subsequently, are evaluated from the viewpoints of both 
customer satisfaction and constraints. In this phase, the 
PSS ideas are quantitatively prioritized for the purpose 
of maximizing customer satisfaction under the 
constraints of resources. The effectiveness of the 
proposed methods is demonstrated by applying it to an 
example case. 
2. Service Engineering 
2.1. Fundamentals of Service Engineering 
The authors have carried out fundamental research on 
Service Engineering (SE) in Japan, which aims at 
providing design methodology of services from an 
engineering viewpoint [3, 4]. In SE, a service is defined 
as an activity between a service receiver and a service 
provider to change the state of the receiver [3]. 
According to our definition, a service is offered to 
realize the receiver’s state change, and when the state 
changes to a new desirable one, the receiver is satisfied. 
Therefore, changing a receiver state is equal to fulfilling 
a customer need in this context. This definition includes 
a broader sense than the typical definitions in the service 
marketing field, which are used to clarify the difference 
between services and products (e.g., [5]). In this 
definition, we regard a service as a combination of 
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service activities and physical products [3, 4]. The term 
service used in this study, therefore, corresponds to PSS. 
2.2. Service design methodology 
Figure 1 shows the overview of service design 
methodology proposed in SE. It is noteworthy that a 
term service means a combination of service activities 
and physical products as mentioned above. A service is 
modeled as a functional structure that satisfies customer 
needs, and specific entities and their activities/behaviors 
are associated with the functional structure [3]. Here, 
entities include both physical products and human 
resources, which correspond to product share and service 
share in PSS context. 
 
: entity
: “is-realized-by”
Analyze 
customer 
needs
Develop 
functional 
structure
 
Fig. 1. Service design methodology 
x Customer needs analysis 
The means-end theory [6], which is proposed in the 
service marketing field, suggests that a consumer forms 
a conception of the suitability of a product or service 
attributes in question (means) for fulfilling specific 
values (end). A customer’s perception of satisfaction can 
be modeled by three elements: attributes, utility 
expectations, and values. Attributes are elements that 
define the quality of a product/service. Utility 
expectations refer to customer requirements or needs. 
Value indicates the goal or aim of an action.  
Based on the means-end theory, a structure of 
customer satisfaction hierarchically modeled through 
three layers: quality elements, customer needs, and 
values/goals.  
x Functional structure development 
View model [3, 4] is a model to design a functional 
structure of a service. Figure 2 shows an example of a 
view model. As shown in Figure 2, this model consists 
of functions, which are described as “verb + noun,” e.g., 
“provide + maintenance,” and entities that have been 
used in product design methodologies (e.g., [7]).  
3. PSS Conceptual Design Support 
Based on literatures on PSS design (e.g., [8 - 10]), 
PSS design process can be described as three phases: (1) 
Customer analysis, (2) PSS conceptual design, and (3) 
PSS detailed design. In (1) Customer analysis phase, 
designers collect and arrange data to specify customer 
needs and constraints within a service. Based on the 
identified customer needs, in (2) PSS conceptual design, 
PSS ideas are generated with, for example, 
brainstorming techniques. Designers then deploy each 
selected PSS idea to a detailed structure ((3) PSS 
detailed design). Here, detailed specifications of entities 
to realize PSS ideas are defined.  
This study concentrates on the PSS conceptual design 
phase. The main tasks of the phase are PSS ideas 
generation and evaluation. The purpose of this study is 
to propose methods to support these two tasks. 
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Fig. 2. An example of view model 
4. PSS Ideas Generation 
4.1. Approach 
Analogy is a form of reasoning to obtain new 
knowledge. It is commonly agreed that analogy plays an 
important role when people acquire new knowledge [11]. 
In analogical reasoning, knowledge about the problem 
that designers have to solve (knowledge in “target” area) 
is obtained by copying knowledge that is directly 
unrelated to the problem (knowledge in “base” area) [11]. 
Here, knowledge in base area is associated with 
knowledge in target area based on the similarities 
between knowledge. Figure 3 shows an example of an 
analogy to create knowledge about a cutting knife.  
In this study, the analogical reasoning is adopted as 
an approach to support PSS ideas generation. Figure 4 
shows an overview of the proposed method. A 
preliminary structure of a PSS idea is described by using 
a concept of function like view model. Designers have to 
develop new functions to realize a root functions in 
order to make a new PSS idea. 
The proposed method enables to provide candidates 
of new functions by copying functions stored in a 
database by using analogical reasoning. The reasoning is 
on the basis of the similarity between functions. A 
database includes a variety of view models already 
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described, which is obtained based on multiple PSS 
cases. 
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Fig. 3. An example of the analogical reasoning 
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Fig. 4. New functions generation based on analogy 
4.2. Calculation of the similarity between functions 
The similarity between functions is calculated as the 
similarity between linguistic expressions of functions. 
As mentioned in 2.2, a function is basically described 
with “verb (predicate) + noun (object).” Then, the 
similarity between functions can be calculated with the 
equation (1). 
 
ܵ݅݉ሺܨܶǡ ܨܤሻ ൌ ݓ݋ ή ݀݅ݏݐሺܱܾ݆ܶǡܱܾ݆ܤሻ 
൅ݓ݌ ή ݀݅ݏݐሺܲݎ݁ܶǡ ܲݎ݁ܤሻ  
(1) 
, where dist(ObjT, ObjB) represents a distance between 
object ObjT contained in target function FT and object 
ObjB contained in base function FB. dist(PreT, PreB) 
represents a distance between predicate PreT contained 
in target function Ft and predicate PreB contained in 
base function FB. wo and wp represent the weights of 
dist(ObjT, ObjB) and dist(PreT, PreB). 
 
In this study, ሺǡ ሻ and ሺǡ ሻ 
are calculated as a distance between vocabularies in an 
ontology offered by The EDR Electronic Dictionary [12], 
which provides the relations among basic vocabularies. 
5. PSS Ideas Evaluation 
5.1. Approach 
The generated PSS ideas should realize higer 
customer satisfaction when they are implemented. 
Meanwhile, designers also have to consider resource 
constraints, since the amount of resources that can be 
devoted is always limited. Therefore, in this study, the 
generated PSS ideas are evaluated from the viewpoints 
of both customer satisfaction and resource constraints. 
Figure 5 models the relationship between PSS ideas 
implementation and customer satisfaction enhancement. 
This model is composed of four levels: resources, PSS 
ideas, customer needs, and customer satisfaction. The 
implementation of PSS ideas by devoting resources 
triggers further fulfilment of customer needs and, 
eventually, the enhancement of customer satisfaction. 
In this study, an approach to prioritize PSS ideas by 
adopting an optimal resource allocation method is 
proposed. A PSS provider’s limited resources are 
optimally allocated to each PSS ideas for the purpose of 
maximizing customer satisfaction. Then, based on the 
results of the allocations, the ideas can be prioritized. 
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Fig. 5. A model of PSS ideas implementation 
5.2. Customer satisfaction modeling 
The value of customer satisfaction is quantified by 
using the customer satisfaction structure mentioned in 
2.2. Figure 6 illustrates a model to quantify customer 
satisfaction. Each element in the structure is expressed 
as a node that possesses own value to represent the 
fulfilment. Each node is associated with other nodes in 
its upper layer with linkages, i.e., arcs. The weight on 
each arc represents the degree of influence that a lower 
node has on an upper node. These weights are 
determined by customer viewpoints gathered by 
conducting interviews or questionnaires.  
In this model, the degree of fulfilment of a customer 
need (CR) is calculated from the value of related quality 
elements (SQ) and its influences (RSQ) (Equation (2)). 
In the same manner, the degree of fulfilment of a 
value/goal (V) is determined by CR and RCR, which 
represent the weight between a value/goal and a 
customer need (Equation (3)). Customer satisfaction is 
quantified by calculating Equation (4). 
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Fig. 6. A model to quantify customer satisfaction 
ܥܴ݅ ൌ෍݆ܵܳ ή ܴ݆݅ܵܳ
݊
݆ൌͳ
 
 
(2) 
, where  is the number of quality elements. 
ܸ݇ ൌ෍ܥܴ݈ ή ܴ݈݇ܥܴ
݋
݈ൌͳ
 
 
(3) 
, where  is the number of customer needs. 
ܥܵ ൌ ෍ ܸ݉ ή ܹ݉
݌
݉ൌͳ
 
 
(4) 
, where  indicates a weight of a value/goal on 
customer satisfaction and  is the number of 
values/goals. 
5.3. Relationship between PSS ideas implementation and 
resource consumption 
A PSS provider possesses internal limited resources 
that are consumed to implement PSS ideas. The term 
“resources” generally includes human resources, 
products, facilities, information, money, and time. In this 
study, money and time receive special focus, since they 
are essential and consumed by all activities in business.  
A high use of resources, such as time and money, 
makes the implementation of PSS ideas more likely. 
Meanwhile, the effect depends on the types of resources 
and ideas. For instance, in a typical product-related PSS 
such as maintenance, an idea to improve the PSS 
featuring “Reinforcement of special skills for 
maintenance” would require a significant amount of time 
and a certain amount of monetary resources. On the 
other hand, less time and money would be needed to 
implement an improvement idea featuring 
“Replenishment of maintenance tools.” 
The sigmoid function, which is a kind of monotone-
increasing function, is appropriate to represent such a 
relationship. It models several relationships between two 
variables with two parameters: center and gain value 
(see Figure 7).  
0
0.5
1
0 0.5 1
1
1 1
1
0 0
D
eg
re
e 
of
 
im
pl
em
en
ta
tio
n 
of
 
a 
P
S
S
 id
ea
Amount of resources Amount of resources
(a) Center: 0.5, Gain: 1 (b) Center: 0.8, Gain: 10
D
eg
re
e 
of
 
im
pl
em
en
ta
tio
n 
of
 
a 
P
S
S
id
ea
 
Fig. 7. Examples of sigmoid function 
5.4. PSS ideas prioritization using Genetic Algorithm 
The important contribution of this method is to find 
the amount of resources devoted to implement each PSS 
idea when customer satisfaction is at the maximum. This 
is because the amount of calculated resources can be a 
“clear” criterion in prioritizing PSS ideas.  
In this optimal resource allocation problem, the 
search space must be very large, and the search model 
could be complicated, since the proposed structure 
contains plural sigmoid functions as well as many nodes 
and arcs. The Genetic Algorithm (GA) [13] is a heuristic 
search method that mimics the process of natural 
evolution. Heuristic searching is widely used to generate 
a solution for optimization. GA is effective in solving a 
search problem with local minimum and multimodal 
search space. Therefore, GA is suitable to the 
optimization problem addressed in this study. It contains 
the locality because it is regarded that intensive 
investment strategy is generally allowed in a resource 
allocation problem. In this optimization, a gene, which 
indicates a design parameter, is set as the ratio of 
resources to be allocated.  
6. Application to an Example Case 
The proposed methods have been implemented as 
software to support service designers and were applied 
to an example case. An “improvement design” of a 
facility maintenance service for an electronic substation 
was selected to an example case. As a preparative step 
before the application, customer needs (i.e., the utility 
company’s needs) were analyzed and a structure of 
customer satisfaction was constructed. The result is 
depicted in Figure 8.  
6.1. PSS ideas generation 
First, root functions of the PSS were described by 
translating quality elements into functional expression. 
Functions that have the similarity to root functions are 
explored and identified with the implemented system. 
Column (B) in Table 1 shows the identified functions 
that have similarity with root functions in column (A).  
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Subsequently, sub-functions connected to the 
identified functions are provided to designers. The 
provided sub-functions are depicted in column (C) in 
Table 1. The sub-functions were used as “seeds of 
ideas”; and then new functions, which were able to fulfil 
a root functions, were generated. The results were shown 
in column (E) in Table 1. Based on the results, designers 
developed view models in order to visualize the 
generated ideas.  
As described above, the proposed method enabled 
designers to create ideas to improve the PSS example, 
i.e., facility maintenance, in this application. The 
proposed method offered several kinds of functions as 
knowledge to create new functions for the target PSS. It 
helped designers come up with a variety of PSS ideas 
that they could not find in their brain. 
Table 1. Results of PSS idea generation 
 (A) (B) (C) (D) (E) 
Root 
Functions 
Functions having  
the similarity to (A) 
Sub-functions 
connected to (B) Case Generated new functions No. 
Enhance the 
safety of work 
Promote the excellence 
of insurance product 
Prepare an internet site for the 
promotion, Make brochures for 
the promotion 
Medical insurance Provide information on potential accidents to 
employees 1 
Understand the 
volumes of inventories 
Check inventory routinely Retail Check maintenance procedure periodically 2 
Make comfortable 
environment 
Control temperature in a plane, 
Prepare comfortable sheets 
Airline Prepare low-stress work environment 3 
Shorten the time 
when 
equipment is in 
failure 
Deal with troubles Prepare manuals for potential 
troubles 
Coin-operated laundry Prepare manuals for emergency situations 4 
Prepare counselling 
time 
Provide an adviser Consulting Provide advises on how to operate facilities to reduce 
failures 5 
Decrease work 
cost 
Wash clothes Remove stains from clothes Laundry Analyse past data collection (to find unnecessary cost) 6 
Realize cheaper price Provide a "reward card" Retail Provide "reward points" 7 
Extend a life of 
equipment 
Enhance skills of staffs Train technicians Car  maintenance Pass down special skills for maintenance to younger 
employees 8 
Enhance the beauty of a 
woman 
Do customer's makeup Hair care  salon Care for facilities in more detail 9 
Reduce waste 
generation 
Understand the 
volumes of inventories 
Check inventory routinely Retail Manage stocks of e.g. spare parts 10 
Prepare space where 
customers spend time 
Prepare space where customer 
can use a PC 
Coin-operated laundry Prepare a specialized staff for ordering materials 11 
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Fig. 8. Constructed customer satisfaction structure  
6.2. PSS ideas evaluation 
The relationships between PSS ideas implementation 
and resource consumptions were represented with 
sigmoid functions. The center and gain values could be 
defined based on view models described, because the 
models included information on entities required to 
implement PSS ideas. The degree of implementation of 
PSS ideas was calculated as the product of the values 
determined by the sigmoid functions. For instance, when 
the amount of time resources invested to implement an 
idea is 0, the degree of implementation of the idea will 
be 0, even if a high amount of monetary resources was 
consumed. 
We considered two cases. The amount of time and 
monetary resources to be consumed was set at 1.0 and 
3.0, respectively. The first case means a small amount of 
monetary and time resources would be consumed in PSS 
ideas implementation. On the other hand, in the second 
case, the provider tried to implement PSS ideas with a 
large amount of both.  
Figures 9 and 10 illustrate the results of optimal 
resource allocation. Figure 9 shows the results when the 
total amount of resources was 1.0, and Figure 10 gives 
results when the total was 3.0. The horizontal axis 
corresponds to the list of the generated PSS ideas, and 
the vertical axis corresponds to the amount of resources.  
The results illustrated in Figure 9 shows that, in a 
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smaller-scale PSS improvement, a large amount 
resources were allocated to new PSS ideas featuring 
“Care for facilities in more detail” (No.9), “Prepare 
manuals for emergency situations” (No.4), and “Pass 
down special skills for maintenance to younger 
employees” (No.8). Meanwhile, in a larger-scale PSS 
improvement, resources were allocated for new PSS 
ideas featuring “Analyse past data collection” (No.6), 
“Provide information on potential accidents to 
employees” (No.1), “Check maintenance procedure 
periodically” (No.2), and three PSS ideas that should be 
tackled in the smaller-scale case. This indicates that 
these PSS ideas should be preferentially addressed and 
implemented to improve current PSS, since this 
allocation was optimized to maximize the value of 
customer satisfaction under the constraints of the 
provider’s limited resources. 
The proposed method clearly showed the resource 
amount that is optimally allocated to each PSS idea to 
realize the maximum customer satisfaction. This result 
could be regarded as information that these ideas should 
be preferentially implemented, namely the “priorities” of 
PSS ideas. Therefore, it can be said that the proposed 
method was useful to support designers’ decisions in 
PSS design. 
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Fig. 9. Result of evaluation (resource amount = 1.0)  
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Fig. 10. Result of evaluation (resource amount = 3.0)  
7. Conclusion 
In this article, PSS conceptual design is received a 
special emphasis. As a supporting methods for the 
conceptual design phase, methods to support PSS ideas 
(1) generation and (2) evaluation are proposed. In the 
ideas generation, designers’ acquisition of new ideas to 
improve current PSS is enhanced by knowledge offering. 
The generated ideas, subsequently, are evaluated from 
the viewpoints of both customer satisfaction and 
resources (i.e., time or monetary resources). In this phase, 
the PSS ideas are quantitatively prioritized for the 
purpose of maximizing customer satisfaction under the 
constraints of resources. The application result showed 
that the proposed methods were useful to support 
designers’ activities in the PSS conceptual design phase. 
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